Background/Aims: Co-stimulating molecule B7-H4 regulates T cell-mediated immune responses, participates in tumor immune escape, and promotes the proliferation and metastasis of pancreatic cancer cells. However, the specific mechanisms are unclear. MicroRNAs (miRNAs) participated in the pathogenesis and progression of cancer. Methods: In this study, a microarray technique was used to screen B7-H4-related differentially expressed miRNAs in a pancreatic cancer cell line find those associated with pancreatic cancer. Using a miRCURY™ LNA Array approach, we compared the miRNA expression profiles of L3.6p1 pancreatic cancer cells transfected with B7-H4 siRNA for 72 h with those transfected with non-target siRNAs. Results: B7-H4 siRNA significantly up-regulated 57 miRNAs and down-regulated 14 miRNAs. Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) Pathway analysis of predicted miRNA targets showed that these genes were mainly involved in protein binding, pathways in cancer, mitogen-activated protein kinase (MAPK) signaling pathway, and phosphatidylinositol 3-kinase-Akt (PI3K-Akt) signaling pathway. Conclusions: This is the first description of target genes of B7-H4, showing that miRNAs participate in the B7-H4 mediated regulation of oncogenicity and pathogenesis of pancreatic cancer. These results may help us better understand the role of B7-H4 in the progression of pancreatic cancer and its possible mechanisms. We also provide novel biomarkers for potential treatments of pancreatic cancer.
MicroRNA Expression Profiling of

Introduction
Pancreatic cancer is one of the most common types of tumors in humans [1] . Many researches have shown that the initiation and development of pancreatic cancer are closely related to the tumor microenvironment. Specifically, B7/CD28 co-signaling molecules play a crucial role [2, 3] . B7-H4 (also named B7S1 or B7x), a member of the B7 superfamily [4, 5] , has been suggested to play an important role in tumor progression and immune escape. In our previous study, we found that B7-H4 was associated with poor prognosis in patients with pancreatic cancer and it promoted tumor progression through multiple processes, including the inhibition of apoptosis and induction of the extracellular regulated protein kinases 1/2 (Erk1/2) signaling pathway [6] [7] [8] . However, the exact mechanism of action for B7-H4 this cancer biology remains unclear. Thus, studying the role of B7-H4 in tumor progression is essential for developing more effective treatments and improving patients' prognoses for pancreatic cancer.
Recently, novel gene expression-related mechanisms underpinning tumor initiation have been identified. miRNAs are 20-22 nucleotide long endogenous noncoding RNAs that repress target gene expression at the post-transcriptional level, which are now considered to be master regulators of gene expression for at least 30% of human genes [9] . Functional studies indicate that miRNAs have important functions in tumor occurrence and development [10, 11] . Recent studies have revealed that miRNAs are associated with the risk of different cancers, such as lung cancer [12] , colorectal cancer [13] , bladder cancer [14] , breast cancer [15] , and pancreatic cancer [16, 17] . All of these researches have provided strong evidence that miRNAs play a key role during tumorigenesis and tumor progression.
Given the significant role of miRNAs in gene regulation and tumorigenesis, miRNAs might interact with the B7 superfamily in tumors. For instance, IFN-gamma induces B7-H1 protein expression and alters the miRNA expression profiles in cholangiocytes [18] . miR-152 directly bind to B7-H1 3' untranslated region and inhibits B7-H1 expression, which enhances T cell proliferation and effector cytokine production via inhibition of the B7-H1/ PD-1 pathway [19] . Furthermore, over-expression of B7-H4 promoted tumor growth through TGF-β1, which increased expression of miR-155 through SMAD3 and SMAD4 and attenuated miR-143 through CEBPB [20] .
Thus, we hypothesized that miRNAs regulated by B7-H4 might influence pancreatic cancer risk. So far, there are no reports about the miRNA expression profile following B7-H4 induction in a pancreatic cancer cell model. In this study, we profiled the miRNAs of the L3.6p1 pancreatic cancer cell line infected with B7-H4 small interfering RNA (siRNA), and 71 miRNAs were found to be differentially expressed. Some of the differentially expressed miRNAs might be potential therapeutic targets for pancreatic cancer. Thus, we provide a new context in which to study the mechanism by which B7-H4 promotes tumor progression.
Materials and Methods
Cells and infection L3.6p1 cells, which were derived from a human pancreatic carcinoma, were grown and infected with B7-H4 siRNA as previously described. The siRNA sequences are listed in Table 1 , and the efficiency of inhibition of B7-H4 mRNA expression was found to be up to 78.7% [8] .
MiRNA microarray analysis
For the total RNA extraction, L3.6p1 cells infected with B7-H4 siRNA for 72 h were harvested. Total RNA was extracted using TRIzol (Invitrogen, CA, USA) and an miRNeasy Mini Kit (Qiagen, MD, USA) according to the manufacturer's instructions. The concentration of RNA was determined using a Nanodrop ND-1000 Spectrophotometer (Thermo Scientific, MA, USA). The samples were then labeled using the miRCURY™ Hy3™/Hy5™ Power Labeling Kit (Exiqon, MA, USA) and hybridized on the miRCURY™ LNA MicroRNA Arrays (v.16.0, Exiqon). Following the washing steps, the slides were scanned using the Axon GenePix 4000B microarray scanner (Axon Instruments, CA, USA). Scanned images were imported into GenePix Pro 6.0 software (Axon Instruments) for grid alignment and data extraction. Replicated miRNAs were averaged and miRNAs with intensities ≥50 in all samples were chosen to calculate the normalization factor. Expressed data were normalized using the median normalization. After normalization, significantly differentially expressed miRNAs were identified using Volcano Plot filtering. Finally, hierarchical clustering was performed to identify distinguishable miRNA expression profiling among the samples.
The differential expression of miRNAs between groups was assessed by one-way analysis of variance (ANOVA), and the correction of Benjamini-Hochberg FDR was applied, in addition to a Tukey's honestly significant difference (HSD) post-hoc test. The expression change (fold-change) of a miRNA in a B7-H4 siRNA-infected sample relative to the non-target siRNA-infected sample was calculated. Significance was determined using a fold-change threshold of at least 2 or at most 0.5, and a P value cut-off of 0.05 was applied. A fold-change of 2 or 0.5 was chosen to improve the accuracy of the results.
Bioinformatics analysis
The miRNA targets were predicted using the TargetScan version 7.1 database and miRanda version 3.3a database, which were downloaded from http://www.targetscan.org/vert_71/ and http://www. microrna.org/microrna/home.do/, respectively. To more strictly predict targets, the predicted miRNA targets found for the differentially expressed miRNAs in the TargetScan version 7.1 database were selected using the cutoff of a context score percentile >50. In the miRanda version 3.3a database, these were selected using the Max Energy <-10. Ultimately, the final target genes for the miRNAs were selected from the overlap of the gene lists predicted using the two software programs. The predicted targets underwent GO (http:// www.geneontology.org/) and KEGG (http://www.genome.jp/kegg/) pathway analyses using the functional annotation tools of the Database from Annotation, Visualization, and Integrated Discovery (DAVID; http:// david.abcc.Ncifcrf.gov/). The enrichment of GO terms and KEGG pathways were selected using a cutoff standard of P<0.01 and FDR<1.
Statistical analysis
The results were reported as the means ± SD for triplicate measurements. Statistically significant differences between groups were estimated by the Student's t test using SPSS software (ver. 13.0). Differences of P<0.05 were considered statistically significant. All the analyses using DAVID involved the Fisher Exact test. When this test yielded P<0.05, the relevant data were considered statistically significant.
Results
MiRNA expression profiles following B7-H4 inhibition
To understand the effect of B7-H4 inhibition on miRNAs in L3.6p1 pancreatic cancer cells, we profiled the expression of cellular miRNAs in response to B7-H4 siRNA infection. Among the 938 miRNAs on the arrays, 255 were detected in L3.6p1 cells which then were involved in a comparative analysis of miRNA expression patterns. The miRNA expression pattern induced after exposure to B7-H4 siRNA differed from that of the cells treated with non-target siRNA. Therefore, B7-H4 inhibition altered discrete miRNA expression patterns. After B7-H4 inhibition, 71 miRNAs exhibited differential expression. Among these, 57 (80%) were up-regulated, while 14 (20%) were down-regulated (Fig. 1) . The fold-change of miRNAs after B7-H4 siRNA transfection is shown in Table 2 .
GO analysis of predicted target genes of differentially expressed miRNAs
To determine the roles of differentially expressed miRNAs in response to B7-H4 inhibition, potential target genes of these miRNAs were predicted using miRanda version 3.3a with a Max Energy < -10 and TargetScan version 7.1 with a context score percentile > 90.
Following B7-H4 expression inhibition, 16, 150 predicted targets were obtained for the 71 differentially expressed miRNAs. The 16, 150 predicted target genes were then subjected to GO analysis in DAVID v6.7. With the cutoff standard of P < 0.01 and FDR < 1, 227 discrete cohorts of GO terms for molecular function were detected to be enriched following B7-H4 inhibition. Among these, the top 10 GO terms were protein binding, cytoplasm, membrane, regulation of transcription, DNA-template and sequence-specific DNA binding transcription factor activity, ATP binding, cytosol, transcription, nucleoplasm, and metal ion binding (Fig. 2) . Interestingly, these results indicated that B7-H4 might act as a factor controlling general levels of gene expression.
KEGG pathway analysis of predicted target genes of differentially expressed miRNAs
To better understand the effect of the differentially expressed miRNAs following B7-H4 expression inhibition, their predicted targets were conducted with KEGG pathway analysis using DAVID 6.7. We found that 130 pathways were significantly enriched. The top 10 were pathways related to cancer, the PI3K-Akt signaling pathway, the Rap1 signaling pathway, endocytosis, the MAPK signaling pathway, the Ras signaling pathway, axon guidance, the Hippo signaling pathway, the thyroid hormone signaling pathway, and proteoglycans in cancer (Fig. 3) . The network for these miRNAs and target genes is shown in Fig. 4A . Notably, 
the above pathways suggested that B7-H4-related miRNAs may significantly affect pathways involved in tumorigenesis. Further, we focused on the top 10 up-regulated and top 10 down-regulated miRNAs and their targets which might have key regulation roles in B7-H4 related cancer development according to the published data. And we mapped the network of miRNAs-target gene and potential mechanism prediction in Fig. 4B , in order to establish foundation to reveal the potential mechanism of B7-H4 promoting pancreatic cancer through miRNA. Fig. 4B showed miRNAs and their target genes in initiation, growth and metastasis of tumor. The chart displayed the differentially expressed miRNAs and their target genes that were involved in tumor progression. This also included some identified upstream molecules which regulated their expression. Downregulation or upregulation of a specific miRNA was represented by a downward (red) or an upward (black) arrow, respectively. The changes of target genes expression levels inversely correlated with that of the miRNAs, and were similarly represented by an up (black) or down (red) arrow. All listed targets have been validated according to the published data. 
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tumor development and could provide novel targets for pancreatic cancer therapies [21, 22] . However, the mechanisms by which miRNAs contribute to cancer progression still remain unclear.
We have studied the expression of B7-H4 in a variety of human pancreatic cancer cells and the effects of B7-H4 in tumor development. It was confirmed that B7-H4 was highly expressed in different pancreatic cancer cells, especially in L3.6p1 pancreatic cancer cells [8] . At the same time, L3.6p1 cells showed a high degree of aggressive growth in vitro [23] , and B7-H4 was involved in the migration of L3.6p1 cells [8] . Therefore, we selected L3.6p1 cells as the object. In this study, we profiled miRNA expression patterns in L3.6p1 pancreatic cancer cells and found that 57 miRNAs were up-regulated and 14 were downregulated in response to B7-H4 knockdown. Many of these miRNAs have known functions and are involved in cancer biology. Notably, miR-299-5p and miR-1284 were significantly upregulated, while miR-21 and miR-335-5p was significantly down-regulated following B7-H4 knockdown according to our microarray. These miRNAs are involved in the development of tumors [24] [25] [26] . Furthermore, hsa-mir-299-5p, which targets osteopontin, plays a critical role in enhancing proliferation, tumorigenicity, and the ability of spheroid-forming breast cancer cells to display vasculogenic mimicry [27] . Additionally, miR-1284 overexpression might act as a suppressor of gastric cancer by controlling cell proliferation and apoptosis [28] . One study demonstrated that miR-1284 could inhibit cell viability via regulation of the expression of p27 and induce apoptosis via regulation of the PI3K/Akt pathway in ovarian cancer cells [25] . miR-21 could decrease FoxO1 protein levels, resulting in a significant increase in pancreatic ductal adenocarcinoma growth, which may act as a novel therapeutic target for inhibiting the growth of pancreatic cancer [29] . Furthermore, miR-335-5p is an important miRNA that has multiple functions in cancer biology. Ectopic expression of miR-335-5p in pancreatic cancer cell lines significantly suppresses cell growth by inhibiting c-met [30] . Thus, it is reasonable to hypothesize that miR-299-5p, miR-1284, miR-21, and miR-335-5p might take an important part in response to B7-H4 knockdown in pancreatic cancer cells. However, this assumption needed further confirmation in future research.
As far as we know, this was the first time that the expression of miRNAs has been shown to be regulated by B7-H4. Because miRNAs play a crucial role in tumorigenesis by regulating cell proliferation and apoptosis, our study provides and new and exciting context in which to investigate B7-H4 function in tumors. A great deal of evidence indicated that B7-H4 might activate or repress some transcription factors. For instance, B7-H4 facilitates proliferation, invasion, and migration of esophageal squamous cell carcinoma cells [31] and colorectal carcinoma cells [32] by promoting a positive feedback loop involving interleukin-6 / janus kinase 2/ signal transducers and activators of transcription 3 (IL-6/JAK2/STAT3) pathway activation. In contrast, B7-H4 inhibits T-cell activation and proliferation via the inhibition of NF-kappaB nuclear translocation [33] . These transcription factors might regulate the expression of miRNAs [34, 35] . Thus, it was useful to investigate whether B7-H4 regulates the expression of miRNAs in our experimental context. We analyzed the interactions between B7-H4 and its target miRNAs with miRNA target prediction software, and found that 71 miRNAs exhibited differential expression. Furthermore, we reconstructed the network of miRNA interactions using Cytoscape software. These data suggested that B7-H4 might regulate gene expression through a miRNA-specific mechanism. The specific mechanisms by which B7-H4 promotes tumor development via regulation of miRNAs were beyond the scope of this study. However, our data suggested that several of the miRNAs observed here might be important factors mediating the pathogenesis of pancreatic cancer.
To deduce the functions of the identified miRNAs, we carried out a GO enrichment analysis according to the enriched mRNAs targeted by the significantly changed miRNAs. We found that regulation of transcription, DNA-template and sequence-specific DNA binding transcription factor activity, transcription, and DNA-template were consistent with the important roles for B7-H4 in regulating gene expression. This GO enrichment analysis suggests that B7-H4-regulated miRNAs may take part in regulating these biological processes.
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Moreover, KEGG pathway enrichment analysis identified the pathways and molecular interactions in which the differentially expressed miRNAs could be acting. Among them, cancer-related pathways, the PI3K-Akt signaling pathway, and the MAPK signaling pathway were the main pathways identified, which is consistent with our previous findings that B7-H4 inhibition has anti-tumor effects via multiple targets, including decreasing oncogenicity, inducing apoptosis, and decreasing Erk1/2 phosphorylation [8] . These results implyed that B7-H4-related miRNAs might significantly affect these pathways to contribute to tumorigenesis [24] [25] [26] . It was well-known that the PI3K-Akt and MAPK signaling pathways are involved in the processes of tumor cell apoptosis and tumor development [36, 37] . Studies have shown that B7-H4 promotes lung tumor growth, progression, and metastasis through the AKT pathway [38] . In a mouse T cell model, B7-H4 inhibits T-cell proliferation and IL-2 production by inhibiting the activation of ERK, JNK, and AKT [39] . All of these reports came to the conclusion that B7-H4 is involved in the pathological process of tumorigenesis through PI3K-Akt and MAPK signaling pathway. Our pathway enrichment analysis of the miRNApredicted targets showed the PI3K-Akt and MAPK signaling pathways were enriched. Thus, some of the differentially expressed miRNAs induced by B7-H4 may affect the pathological process of tumorigenesis by modulating the PI3K-Akt and MAPK signaling pathways.
In conclusion, our study identified miRNAs under B7-H4 regulation. We constructed miRNA networks regulated by B7-H4 and took advantage of GO and KEGG analyses to show that B7-H4-regulated miRNAs likely play an important role in tumor development by affecting pathways associated with cancer, the PI3K-Akt signaling pathway, and the MAPK signaling pathway. We will investigate the function of these miRNAs and their targets in order to find the downstream signaling molecules of B7-H4 in pancreatic cancer. Thus, we can improve our understanding of B7-H4-induced oncogenicity in a future study. 
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